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AIR  HIGIENH  —  AN  AEROSOL  PROBLEM 


Sondarabd^aek,  far  Biologischa 

A  wo  sol  Foytoiamg  iSS?»^S~R^rSitr  Ceatral 

Gaaett®  for  Mologleal  Aerosol  Research),  K,  Bis*  «nd 

Vol  ii, 'Do  2,  Jul  19^3#  Stuttgart#  pp  1-7  E,  Pefcras 

FTon  the  Institute  of  Aerobiology,  Grafs  shaft/ Bschsauerland  (Dr  K  Bisa, 
Director) 

Air  hygiene  generally  end  in  the  broadest  sense  deals  with  the  analy¬ 
sis  at»d  synthesis  of  certain  aerosol  systems ,  The  objective  of  its  consid¬ 
erations  consists  of  the  properties  of  solid,  liquid,  and  gaseous,  animate 
ansi  inanimate  aerosol  components  and  the  reciprocal  effects  between  than,  as 
well  as  the  way  in  which  they  are  influenced  by  physical  and  chemical  fac¬ 
tors,  !  r 

The  distinction  between  animate  and  inanimate  aerosol  components 
should  not  be  understood  here  in  the  sense  of  a  rigid  schemas  microorgan¬ 
isms  •rv*  virus  particles  are  subject,  in  the  atmosphere,  to  the  same  physi- 
cal-chmsical  influences  as  the  -..innimate  aerosol  ooaponents  and  essentially 
behave  like  the  latter;  they  can  be  converted  into  Inanimate  natter  and  they 
develop  a  noteworthy  autonomous  biological  activity  only  upon  entry  into 
more  or  less  strictly  specific  environmental  conditions  j  they  act  upon  the 
organisms  Infected  by  them  through  the  production  of  inanimate  matter.  Con¬ 
versely,  inanimate  suspended-tubs tance  components  oan  besoms  components  of 
living  substance  and  react  with  the  latter  when  they  met  organisms  for  a 
•  shorter  or  longer  time. 

Practical  measures  of  air  hygiene  are  based  on  thorough  analyses  of 
their  objectives,  specifically  t 

analyses  of  aerosol  origin  and  development, 
analyses  of  the  behavior  of  the  aerosol  components  in  the 

analyses  of  the  normal  metabolism  output  of  the  exposed 

analyse*  of  the  stress  effects  triggered. 


(b> 

atmosphere, 

<«> 

organisms  and, 
(d) 


?brih«ra»r@,  the  way  or  route  of  the  stress  factor  until  reaction 
with  ihs  organ! sa  ansi  b#  determined  as  accurately  as  possible,  €ft  the 
basis  of  the  analysis  data  obtained,  it  is  then  possible  to  take  protective 
mm,s- areas 

(a)  at  the  place  where  the  •s.rorcl  originates  and  develop*. 

(b)  in  the  aiasespherie  space  between  the  aerosol  source  assd  the 

mpottwi  organism  or,  .  * 

(e)  through  the  formation  of  resistance  in  the  organism  itself. 

Inanimate  Suspended-Substance  Componente 

Inanimate  ees$on«ai»  constitute,  quantitatively  speaking,  by  far  the 
largest  portion  of  the  suspended  substances  [particles  in  suspension]  in  our 
atmosphere,  2h  the  Rohr  region  alone,  about  1,5  sdilien  tons  of  dust,  ash, 
023d  soot  arc  deposited  annually,  while  simultaneously  sdllione  of  tons  of 
sulfur  dioxide  are  blown  into  the  atmosphere,  It  has  been  estimated  that 
industry*  s  contribution  to  air  pollution  in  the  big  cities  today  amounts  to 
approximately,  while  households  and  small  crafts  enterprise  account  for 
££$  and  motor  vehicles  supply  about  33$*  High  sulfur  dioxide  concentrations 
and  the  presence  of  carclBOgenio  substances  constitute  a  constant  and  Immed¬ 
iate  threat  to  the  health  end  life  of  plants,  animals,  and  man.  In  addition 
we  have  synergistic  reactions  from  various  aerosol  components,  many  of  which 
are  still  quite  unknown.  In  this  oonneeticn  we  might  mention  the  formation 
of  “smog,"  the  davslopoKit  of  osddisdni  substances,  acids,  and  ajudehydes 
through  phctoehesdeal  reactions  between  the  hydrocarbons  and  nitric  oxides 
coming  from  the  ear  exhaust  aerosols,  as  well  as  other  possible  components. 
Speaking  quite  generally,  radiation  effects  and  airborne  electricity  can 
considerably,  influence  the  aggressiveness  of  an  aerosol. 

ttiferMinately,  w#  are  still  not  putting  enough  emphasis  on  the  fact 
that  it  Is  not  so  much  the  quantity  and  density  of  an  aerosol  that  is  of  in¬ 
terest  in  ary  air«hygi*ne  evaluation  but  rather  the  qualitative  state  of 
that  aerosol.  Of  choree,  it  is  necessary  to  get  as  accurate  a  picture  of 
the  concent*!-:'  of  certain  reactive  components  in  an  aerosol,  especially 
sinoa  the  *  is&  of  many  reactions  that  are  possible  within  one  aerosol  de¬ 
pends  exfcr.  ^dinaril^  on  the  concentration i  some,  in  themselves  possible 
chemical  conversions  practically  never  come  about  when  one  of  the  reaction 
partners  Is  represented  in  a  density  that  is  too  low.  On  the  other  hand, 
however,  small  traces  of  some  substances  —  here  we  night  mention  the  photo- 
chemically  acting  radicals  end  photosensitisera  —  can  catalyse  chemical  pro¬ 
cesses  which  will  alter  an  aerosci.  completely  from  the  qualitative  viewpoint. 
The  energy  conditions  within  aerosols  are  quite  generally  not  being  given 
enough  consideration  today.  Furthermore,  the  surf* co-active  components  vary 
considerably  influence  the  character  of  an  aerosol,  Apart  from  the  faot 
that  numerous  oheedoal  reactions  occur  on  a  preferred  basis  or  with  special¬ 
ly  high  speed  along  the  surfaces,  we  find  that  the  degree  of  the  utilisation 
of  radiation  energy  can  be  altered  by  the  pretence  of  surface-active  sab- 
stances.  fat  example,  free  oxygen  absorbs  much  less  sunlight  than  coal 
[carbon]  particles  in  absorptively  deposited  oaygen. 


Whether  or  not  liquid  systems  are  present  in  an  aerosol  is  also  of 
grsat  isportane*  because  ^sny  chemical  reactions  occur  preferably  or  only 
in  solutions. 

Finally*  the  else  of  the  stv  ponded  particle  is  of  decisive  signifi¬ 
cance  in  the  character  of  an  aerosol.  The  average  duration  of  time  which 
the  smallest,  lung-penetrating  aerosol  components  spend  in  the  atmosphere 
ia  by  far  greater  than  the  period  of  time  spent  there  by  the  relatively 
coarse  dust  and  fog  particles  which  often  constitute  the  balk  [main  mess] 
of  an  aerosol*  The  processes  of  self-purification  of  the  atmosphere  through 
sedimentation*  wash-out,  photochemical  reactions,  sorption  forces  along  the 
earth* »  surface,  etc,  are  the  subjects  of  detailed  investigations, 

With  respect  to  the  air-hygiene  evaluation  of  ary  toxloally  acting 
or  radioactive  aerosols  w®  therefore  find  the  following  sppl4 cable,  in  the 
sense  of  what  w«  have  said  so  far:  it  is  not  so  much  the  absolute  measure 
of  air  pollution  at  any  particular  point  of  time  that  is  of  importance,  but 
rather  the  sustained  effect  caused  by  this  air  pollution. 

For  the  time  being,  we  do  not  know  enough  to  develop  an  absolutely 
reliable  air  surveillance  system  based  only  on  physical  and  chemical  measure¬ 
ment  methods  t  therefore,  one  of  the  currently  most  important  tasks  is  the 
creation  of  a  system  of  biological  control  of  aerosol  amissions.  This  prob¬ 
lem  is  difficult  to  solve  Inasmuch  as  plants  and  many  species  of  animals 
likewise  generally  react  in  a  manner  that  differs  considerably  fro*  the  rm. 
action  in  nan  and  that  this  reaction  in  moat  eases  is  by  far  more  sensitive 
in  response  to  aerosol  influence.  This  is  why  Soviet  air- hygiene  experts 
used  the  human  reactions  to  aerosol  stimuli  —  for  inatane*,  fluctuations 
in  the  light  sensitivity  of  the  aye  —  in  setting  up  index  values  for  the 
maximum  permissible  content  of  the  atmosphere  in  tarns  of  certain  suspended 
substances.  These  values  (Table  1)  are  far  below  those  customary  throughout 
the  world  in  Industrial  regions  and  they  are  mandatory  only  for  new  installa¬ 
tion*  i~  the  Soviet  Onion  likewise. 

Animate  Suspended-Substance  Components 

Animate  suspended-substance  components  can  be  conceived  as  chemical 
agents  which,  under  Certain  conditions,  have  the  capability  of  multiplying 
Independently,  This  kind  of  aerosol  develops  in  nature  primarily  aa  a  re¬ 
sult  of  the  effects  of  air  currents  upon  the  surface  of  the  earth  and  the 
oceans.  Particularly  high  local  concentrations  of  animats  suspended- 
substance  components  originate  through  the  separation  [of  waste}  by  man  and 
animal.  TCr  instance,  the  gam  content  of  the  air  is  particularly  high  ia 
all  Made  of  gatherings,  snph  as  in  motion  picture  theaters,  schools, 
warehouses,  hospitals,  sad  apartment  houses. 
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TABLE  1 

S&jfD&RS  VALUES  ESTA  LISHED  BT  SOVIST 
WLM&-AIR  COMMITTEE 


\ 

i 

i  Stcff 

i  (,) 

Maxima!?  yimajiij* 
KonrentrMMi 
(b)  in  -"g/m* 

MktSefe  i4ttttadigt 
Kanxentatlm 
(e)  ta  mg/«* 

!  Sdivthidiwfd  (1) 

0,50 

0,15 

:  Chior  (2) 

0,10 

om 

.  SdiWfiw  *emuff  (3) 

0,OJ 

OjOi 

SdiweM  jilemtoff  (4) 

0,50 

0,15 

Kohltaozyii  (5) 

6,0 

is> 

i  Stkkox>A»  (6) 

0,50 

0,15 

Niditgift  iger  Saab  (?) 

0,50 

0,15 

Ab«  (8) 

0,15 

0,05 

Fho#$>l»Ofsiure*nhydrid  (9) 

0,15 

0,05 

llaugMi  wsd  trine  VaMaiei  (10) 

ojn 

0,01 

VMfeinduiigen  det  Rmi  (11) 

0,03 

Ofll 

SdiWtldwt  (12) 

OJSO 

0,10 

Phenol  (13) 

0,30 

0,10 

Anen  (ifxtfitaitdtt  Vtrbiaduagtn  tuier 

Airenvawefitoff)  (14) 

— 

0j003 

SM  nod  KtM  VerbkdaafM  *aSer  Bid- 

tnraltkyl  (15) 

— 

ftjxor 

Mmllutbet  Qaedbilbcf  (16) 

— 

0,0003 

i  «.  Subatanc*  , 

a.  Maxima  on*,  tin*  ooaomtraticn  In  mfv/ 
ft.  Average  24- hew  oafW««trr.Uon  In  ag /»3 

9.  ftwsphorlc  anhydride 

10.  tenganeae  and  ita  oo^xmndt 

11.  Compounds  of  flttorine 

12.  Solfaric  add 

13.  Phenol 

14.  Araanio  (i»t,?gaale  eoa^ounda  with 
the  arooption  of  arawxle  hybrid*) 

15.  I*ad  and  ita  eoapoerada,  with  tfea 
axaeptloe  of  <  m d  tatraaihgrl 

16.  HatalUo  arm/ 


1.  Sulfh*  ^ioaddo 

2.  Cblorix^ 

3.  $drof  an  irolild* 

4.  Carton  dianlflde  * 

5.  Carton  nmaslda 
I.  SJL*"“lc  oadda 

?.  Cofiteado  (Nat 
6*  Soot 


Th®  diflsenl nation  of  animate  aerosol  components  can  cover  hundred* 
of  kilometers;  a  typical  example  here  is  the  spread  of  —aAn  rust  whose 
spores  very  often  are  blown  all  over  Europe  from  their  source.  Migration 
distances  of  up  to  %OOC  tea  have  beer,  determined  for  microorganism  cells. 

And  they  also  reach  eery  high  up?  living  microorganisms  have  been  isolated 
T~  j»  elevations  of  mors  than  20.000  meters.  Of  course,  the  gem  count  in 
vfie  upper  layers  of  tha  atmosphere  decreases  not  only  absolutely  but  also 
relatively.  For  instance,  Proctor  (193&)  reports  that  be  found  an  average 
of  one  microorganlsa  for  every  108  dust  particles  in  tha  lower  layers  of 
the  atmosphere  whereas  he  found  only  one  microorganism  for  rrsry  118  dust 
particles  at  altitudes  of  more  than  3tOOC  meters;  this  corresponds  to  a  kill 
rat*  of  about  B$,  JUong  tha  edcroorganisats  frequently  found  in  the  atmos¬ 
phere  we  have  above  all  tha  spore- forming  and  other  types  of  bacteria,  such 
•  as  achromobacteracMs*  microoocoaceae,  and  sardnes,  as  wall  as  the  spores 
of  aetinomyce*  and  low  fungi;  yeasts  ware  also  observed  relatively  frequent¬ 
ly.  Microorganisms  that  are  pathogenic  to  man  have  not  been  found  even  at 
coderate  altitudes 5  on  the  other  hand,  spores  of  fungi  that  are  pathogenic 
with  respeot  to  plants  wars  found  to  be  widespread.  Because  of  their  speed 
of  moltipli  cation,  which  is  not  achieved  anywhere  in  tha  remaining  sphere  of 
organisms  ~  one  single  bacterium  call,  under  favorable  conditions  of  life, 
cal'!  produce  sometimes  more  than  1  million  cells  of  descendants  within  10 
hours  —  we  find  that  even  vary  snail  quantities  of  microorganisms  or  virus 
particles  can  cause  economic  damage  or  epidemics  of  tha  very  greatest  pro¬ 
portions,  events  that,  moreover,  are  difficult  to  predict  and  anticipate. 

On  tha  other  hand.  It  is  possible  to  *mrkH  aerosols  ty  adding  relatively 
tmt  microorganisms  and  to  study  the  fate  of  an  aerosol  with  their  help. 

The  viability  of  nloroorganiaie  particles  or  virus  particle#  sus¬ 
pended  in  the  atmosphere  nay  vary  greatly  in  terms  of  duration,  $0  aaxlwni 
limit  is  known  here ,  The  most  important  factors  Influencing  this  duration 
are  the  [relative]  air  humidity,  the  temperature,  the  radiation  dose,  chem¬ 
ical  additions,  protective  colloids,  and  other  surface-active  substances, 
etc.  Assuming  that  tha  snvlronmsntr't  conditions  are  the  saw,  the  mortality 
curve  generally  follows  a  logarithmic  function,  although  the  picture  Is  fre¬ 
quently  complicated  because  of  the  appearance  of  particularly  resistant 
forms.  In  most  case*  the  gsr^a  a r#  kiilei  by  the  denaturing  of  proteins  ty 
the  breakup  of  and  S-S  bridges,  etc.  IM*  process  can  be  speeded  up 
with  the  help  of  high  temperatures  or  chenieal  addition#  or  also  ty  mean# 
of  radiation  —  in  that  case  w«  speak  of  sUerllisatlou  or  disinfection. 
Conversely,  the  lifetime  of  germ  trims]  particles  can  be  prolonged  by  pro¬ 
viding  these  ntrtiolee  dth  additions  which  counteract  the  denaturing  pro¬ 
cess. 

Protective  measures  against  toxl  sally  acting  air  viruses  [gsrrv]  first 
of  all  are  based  on  the  isolation  or  elimination  of  somreas  of  infection 
ant  then  also  on  efforts  to  keep  the  air  clean  through  chemical  disinfection, 
radiation,  ventilation,  direct  airing,  etc, 

tea  aa&wttrdlaarUy  effective  means  far  protection  against  infectious 
air  game  finally  is  the  immaml cation  of  man  sad  animals  and  tha  breeding 
*f  resistant  raoec  ef  sad  mala  cud  varieties  «f  plants,  Inssmd  satin*  *»-re*rh 


aerosols  will  probably  assume  considerable  significance  here  in  the  future 
because  there  are  mry  possibilities  for  rational  mass  1  mutilation  when  we 
use  weakened  [diluted,  reduced]  viruses,  that  is  to  say,  virus  particles 
with  low  toxicity  tut  with  undiminished  antigenic  effectiveness.  For  in¬ 
stance,  aerosols  consisting  of  diluted  virus  Material  have  already  been  used 
for  the  iMHunisaticn  Of  entire  chicken  farms  against  Newcastle  disease,  in¬ 
fectious  bronchitis,  and  fowl  diphtheria  [fowl  pox]  (see  Bibliography, 
FVltssche,  1961),  In  this  connection  it  w*a  found  that-  in  case  of  a ero¬ 
genic  immunisation  with  NewcasC  s  disease  live  vaccine  the  hersaglutinatlon 
titer  rose  nore  than  twice  as  high  as  vhen  the  vaccine  was  added  to  drink¬ 
ing  water.  Whan  chicks  were  inoculated  against  Newcastle  disease  at  the  age 
of  5  days  and  then  at  the  age  of  4  weeks,  9^4  of  then  became  immune  in  case 
of  drinking  water  vaccination  while  1004  bee aw#  inmate  following  a erogenic 
vaccination.  Si. ad. lax  experiments  were  conducted  by  Gorham  and  associates 
(1954)  i»  an  effort  to  protect  ferret  and  mink  breeding  farm  against  dis¬ 
temper?  these  authors  n^naged  to  sake  ferrets  completely  immune  by  means  of 
aerosolised  egg-adapted  distemper  virus  within  5  days  and  to  ...id eve  and- 
lar  results  in  the  case  of  mink. 

Aerosolised  live  vaccine  likewise  created  nary  possibilities  for  the 
protection  of  man  here.  In  the  Soviet  Union,  for  instance,  investigations 
were  conducted  in  connection  with  the  aerogeido  immunisation  against  pest, 
tularemia,  anthrax,  and  brucellosis;  in  the  Chi ted  States,  experiments  along 
these  lines  were  conducted  with  tularemia  and  tuberculosis.  Alexandrov  et 
al  (195&-1939)  found  that  sheep  infected  with  anthrax  revealed  a  death  rate 
of  only  3.315  after  prior  a  erogenic  vaccination  —  as  against  5$  in  the  case 
of  subcutaneous  and  16  3#  in  the  case  of  percutaneous  vaccination,  whereas 
the  death  rate  among  the  nonlnoculated  controls  was  73.34.  These  same  auth¬ 
ors  also  conducted  experiments  for  the  a  erogenic  immunisation  of  aan  against 
anthrax.  According  to  their  data,  it  was  possible  to  vaccinate  300  people 
in  a  room  the  alee  of  40  eu  a,  within  1  hour;  each  subject  was  exposed  for 
5  minutes.  Here  the  minimum  quantity  of  viable  vaccine  cells  to  be  inhaled 
per  person  was  100,000;  in  some  eases,  1012  and  more  cells  were  inhaled. 
Hgeltbaoh  at  cl  (1960-1961,  1962)  observed  an  Increas  'd  degree  of  immunity 
compared  to  subcutaneous  inno eolation,  in  the  case  of  guinea  pig  and  monkey 
experiments,  when  a  erogenic  tularemia  vaccination  waa  administered.  Kiddle- 
brook  (1961)  arrived  at  the  same  result  in  the  BCD  vaccination  of  guinea 
plgai  aerogenio  treatment  with  20  viable  BCG  unit*  proved  to  be  more  affec¬ 
tive  than  subcutaneous  Injections  of  200  units  and  10  viable  aerosolised 
units  had  the  same  effeot  as  10®  intr»cn**oeously  in  jested  viable  unit*. 
Imwmity  oould  still  be  established  after  2  rears.  According  to  Rosenthal 
(1961),  hwaaii  beings  required  on  10  times  the  vaccine  dose  required  for  the 
guinea  pig  experiment,  in  caae  of  aerogenic  BC1  issaunisatSon,  Elsewhere, 
investigators  are  currently  trying  to  develop  a  spray  method  for  the  fa. 
lanmalsation  of  large  population  groups  againat  grippe  virus  infections. 

Tbs  problem*  we  have  mentioned  here  xm  only  constitute  examples  for 
the  vast  problem  ooeplnc  ef  air-iy^ierie  whioh  keeps  growing,  day  after  day. 
Along  with  the  increase  In  the  water  of  problem  there  ia  also  an  increese 
in  the  amber  ef  wuye  te  solve  thee*  problem.  Our  world  today  has  beoose 
vary  mall  sad  it  is  relatively  easy  to  get  a  complete  picture  In  may 


respects.  This  Beans  that  we  forced  —  and  also  Increasingly  in  &  bet¬ 
ter  position  —  to  view  the  x.idividual  problems  of  air-hygiene  in  their 
interconnections  and  to  solve  them  —  within  the  over-all  framework  of  gee- 
hygiene. 
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